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ABSTRACT
A SYSTEMATIC STUDY TO REDUCE TRIHALOMETHANE 
PRECURSORS IN LITTLE ROCK DRINKING WATER BY COMBINED 
ALUM COAGULATION -  POWDERED ACTIVATED CARBON TREATMENT
Studies have been conducted to  eva lua te  powdered a c tiv a te d  
carbon (PAC) as an agent fo r  c o n tro l l in g  triha lom ethanes in  
d r in k in g  w a te r. Laboratory s tud ies  in d ic a te  th a t PAC is  h ig h ly  
e f f ic ie n t  in  removing fre e  triha lom ethanes in  w a te r w ith in  a few 
hours. The removal e f f ic ie n c y  o f  humic a c id , a known THM 
p recu rso r, by PAC is  cons iderab ly  le s s . However, longer trea tm ent 
time can remove the precursors q u ite  s ig n i f ic a n t ly .  Humic 
substances in  surface w ater samples can a lso  be removed by PAC.
KEYWORDS - *Powdered A c tiv a te d  Carbon, *T riha lom ethanes, 
ch lo ro fo rm , bromoform, bromodichloromethane 
Dibromochloromethane, *THM P recursors, Humic 
A c id , *D ire c t  Aqueous In je c t io n ,  S o lven t 
E x tra c tio n , *Gas Chromatography
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I .  INTRODUCTION
Organics in  d r in k in g  w ater are o f m ajor concern to  the United 
S tates Environmental P ro te c tio n  Agency (EPA). Both the Safe D rink in g  
Water Act (PL 93-523) and c o u rt-o rd e rs  have d ire c te d  EPA to  c o n tro l 
organ ic m a te ria ls  o f  s y n th e tic  o r ig in ,  as w e ll as those o f  na tu ra l 
o r ig in  th a t are transform ed by c h lo r in a t io n .  A number o f  these com­
pounds are proven o r p o te n tia l to x in s  and/o r carcinogens. To da te ,
EPA has recognized 129 o f these substances as p r io r i t y  p o llu ta n ts  
which, above a c e r ta in  con cen tra tio n  le v e l in  w a te r, rep resen t a 
chron ic  hea lth  hazard to  humans through food-cha in  c o n c e n tra tio n , 
b ioaccum ula tion , o r m o lecu lar gene tic  damage. Among these p o llu ta n ts ,  
14 are metals and the rem aining 115 are o rgan ic  compounds. Among 
o rgan ics , the re  are two classes -  v o la t i le s  and e x tra c ta b le s . Vola­
t i le s  are low m olecu lar w eigh t p o llu ta n ts  which can be e a s ily  
v o la t i l iz e d  ( fo r  example, using the purge -and-trap  method) and are 
almost e x c lu s iv e ly  composed o f  halomethanes, commonly c a lle d  
Trihalomethanes (THM).
In  1974-75, EPA sponsored an 8 0 -c ity  N ationa l Organic Recon­
naissance Survey (NORS). THMs were found to  be the most widespread 
organ ic  p o llu ta n ts  and they a lso  occurred a t the h ighest concentra ­
t io n s . These compounds were produced by the re a c tio n  o f  c h lo r in e , 
the most w ide ly  used d is in fe c ta n t in  the United S ta te s , w ith  
n a tu ra lly  o ccu rring  compounds such as humic a c id , f u lv ic  a c id , 
humin, algae and some o th e r chem icals. Season, tem peratu re , d is ­
in fe c ta n t re s id ua l and o th e r fa c to rs  c o n tr ib u te  to  the v a r ia t io n  o f
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THM leve ls . The Federal Register o f February 9, 1978 established a 
maximum contaminant level (MCL) o f 100 parts per b i l l io n  (ppb) o f 
THM fo r  water p u r if ic a tio n  systems serving a population o f 75,000 or 
more. The water supply system fo r  the m un ic ipa lity  o f L i t t le  Rock, 
Arkansas, cu rren tly  meets th is  standard. A yearly  average o f 50 ppb 
o f THM are detected in  "fin ished  water". At the present state of 
ava ilab le  ana ly tica l techniques and instrum entation, however, i t  is  
conceivable tha t many THM and other organic compounds o f po ten tia l 
to x ic ity  and/or carcinogenecity remain undetected due to th e ir  lower 
leve ls . I t  appears tha t more compounds are going to be added to the 
EPA l i s t  o f po llu tan ts  in water as research e ffo r ts  continue fo r 
improved ana ly tica l methodology, and fu rth e r progress is  made towards 
the evaluation o f to x ic i ty  and/or carcinogenecity o f these compounds.
The major types o f organic compounds found in natural water 
are humic substances, tannins and sulfonated lig n in s , phenolics, 
amino acids, hydracarbons and fa t ty  acids. Laboratory studies on 
low molecular weight hydrocarbons and fa t ty  acids show tha t these 
compounds do not produce s ig n ific a n t amounts o f THM during c h lo r i­
nation. Since the amount o f phenolics and amino acids are usually 
small, th e ir  con tribu tion  towards THM formation is  in s ig n if ic a n t.
Where streams run through forested areas, levels o f tannin w i l l  be 
higher and THM coming from th is  source w i l l  be s ig n ific a n t. Other­
wise, the major source o f THM a fte r  ch lo rina tion  are humic substances.
The most widespread THM in  natural waters are chloroform 
(CHCl3) ,  bromodichloromethane (CHCl2Br) dibromochloromethane (CHCl B2 ),
- 2 -
and bromoform (CHBr3) . Although the amount o f chloroform is  the 
highest among these, sometimes as much as 95% o f the to ta l THM, 
the others are formed due to reaction between dissolved bromide in 
raw water and the humic substances.
A. Research Objectives
The most log ica l approach to reduce the amount o f THM in 
drinking water is  to remove humic acid , fu lv ic  acid and some other 
spec ific  organic compounds, generally known as THM precursors, p r io r  
to ch lo rina tio n . The in i t ia l  objectives o f th is  p ro ject there fore , 
were:
1) to evaluate the adsorption ca p a b ility  o f powdered activated 
carbon (PAC) and a commercially ava ilab le  coagulant w ith 
respect to  the removal o f selected halomethanes in  water.
2) to evaluate the adsorption ca p a b ility  o f PAC and the 
coagulant to remove THM precursors (e .g ., humic acid) in 
laboratory made water samples, as well as in  natural water 
collected from L i t t le  Rock water supply reservo irs . The 
experimental model was to  be set up to  simulate the e x is t­
ing conditions (e .g ., treatment tim e, e tc .)  a t L i t t le  Rock 
water treatment f a c i l i t y .
Severe budget cutback, combined w ith the fa c t tha t the funding 
was approved fo r  one year instead o f two years as o r ig in a lly  proposed, 
resulted in revis ion o f p ro ject ob jectives. I t  was decided therefore 
to evaluate the performance o f PAC only. The removal e ffic ie n cy  was
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determined in terms o f THM levels before and a fte r  PAC treatment. 
Total organic carbon (TOC) measurement, a very important parameter 
fo r  the ind ica tion  o f precursor removal, had to  be omitted due to 
lack o f proper f a c i l i t ie s .
B. Related Research
Review o f the li te ra tu re  indicates tha t a tremendous amount of 
research has been performed worldwide to develop ana ly tica l techni­
ques fo r  detection and estimation o f organic compounds commonly found 
in water. Much o f the a tten tion  has been focused on THMs because of 
th e ir  common occurrence and re la tiv e  abundance.
Absolute chemical v e r if ic a t io n  of a v o la t i le  organic po llu tan t 
generally requires the use o f a precision gas chromatograph, selec­
t iv e  detectors, and mass spectrometry. Selective detectors and mass 
spectrometers normally cut s ig n if ic a n tly  in to  personnel and regular 
laboratory budgets. Since the water q u a lity  labora tory 's  perform­
ance is  measured fo r both ana ly tica l q u a lity  and d a ily  sample volume, 
the cost per te s t can be s ig n if ic a n tly  affected by down time, repair 
and long set-up procedures. To counter these d i f f ic u l t ie s ,  several 
advances in  the area o f automation and high reso lu tion gas chromato­
graphy have become ava ilab le  in recent years. These advances o ffe r 
an a lte rna tive  approach while maintaining high sample volumes with 
expanded and more precise id e n tif ic a tio n  o f a p a rtic u la r compound. 
Automation permits the laboratory to establish an ana ly tica l method 
to carry out both analysis as well as data processing.
A detailed review o f recent development in the determination
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of p r io r ity  po llu tan ts is  given by Fishman and Erdmann(1). For 
THMs and other small and v o la t i le  compounds, gas chromatography is  
used almost exclusive ly as a method o f detection and estimation (2 -4 ). 
For be tte r s e n s it iv ity ,  THMs in samples are generally preconcentrated 
by e ith e r the purge-and-trap method or by the liq u id - l iq u id  ex traction  
method(5). The purge-and-trap technique involves ex tracting  THMs from 
water by purging w ith an in e r t gas and then absorbing on a porous polu- 
mer trap . THMs are then normally desorbed from the trap onto a GC 
column fo r  separation and detection. In the liq u id - l iq u id  extraction  
method, THMs are extracted from water in to  a hydrocarbon solvent such 
as hexane by l iq u id - l iq u id  ex trac tion . The sample is  then in jected 
in to  a GC column. Comparative purge-and-trap and l iq u id - l iq u id  ex­
tra c tio n  data agree to w ith in  20 percent(6), both w ith detection 
lim its fo r  ind iv idua l THMs to about 0.5 μg/1. Nicholson, Meresz, and 
Lemyk(3) developed a d ire c t aqueous in je c tio n  (DAI) method, thus 
avoiding lengthy sample preparation time, w ith  a detection l im it  o f 
less than or equal to  1 μg/1 fo r  haloforms, and quantita tes THMs 
tha t can form a fte r  ch lo rina tio n  o f natural water. Kuo, Chiau, and 
DeWalle(4) concentrated low molecular weight (less than 85) v o la t i le  
polar organic compounds by d is t i l la t io n .  By d ire c t ly  in je c tin g  the 
d is t i l la te  in to  a GC column, compounds were measured in  μg/1 level 
w ith a re la tiv e  standard devia tion o f 5 percent. Schultz(5) used a 
GC column in  conjunction w ith a tr ip p in g  chamber and cold trap 
apparatus to  measure yg/1 quan tities  o f THMs in water samples.
Formalin was added to stop bacteria l a c t iv i ty  and to preserve
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samples, w ith no measurable loss fo r  as many as seven days. Kissinger 
and F ritz (6 ) found tha t residual ch lorine in drinking water reacts w ith 
organics to  increase THMs on storage. The addition o f ascorbic acid 
s ta b ilize d  the samples. A na lytica l methods are also described.
Application o f computer-based chromatograph fo r  automated 
monitoring o f low molecular weight organics in drinking water, espe­
c ia l ly  THMs, is  discussed by Dowty, Green, and Laseter(7). Some 
techniques fo r  analysis o f trace quan tities  o f v o la t i le  organics in 
water by GC combined w ith mass spectrometry and a computerized data 
system are discussed by Lingg, e t .a l . ( 8 ) .  Pereira and Hughes(9) 
have determined nineteen selected v o la t ile s ,  purgable p r io r ity  po l­
lu ta n ts , in water by using GC coupled w ith a quadruple mass 
spectrometer w ith a detection l im it  o f 1 μg/1 or less.
A review o f the l i te ra tu re  suggests tha t fo r  precise, sensi­
t iv e ,  and fa s t analysis o f THMs in  water, the s ta te -o f- th e -a rt is  an 
automated GC coupled w ith a mass spectrometer-computer system. Un­
fo rtu n a te ly , such an instrument is  economically well beyond most o f 
the municipal water supply systems. For the purpose o f our in v e s ti­
gation, where the number o f samples to be analyzed are only a few 
and the number o f THMs to  be id e n tif ie d  are not excessive, a high 
reso lu tion gas chromatograph may be adequate to perform the task even 
i f  i t  is  to be done on a routine basis. Larger numbers o f samples can 
be analyzed by a GC-MS-computer system i f  accessible. UALR has a 
h igh-reso lution GC availab le fo r  th is  type o f determination. Because 
i t  is  well -documented and recommended by EPA, l iq u id - l iq u id  extraction
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of THMs in to  hydrocarbon solvents as preconcentration step seems to 
be the best choice. For samples containing higher THM le ve ls , d ire c t 
aqueous in je c tio n  in to  GC can be performed to avoid time-consuming 
sample preparation.
REMOVAL OF THMs FROM WATER
Much a tten tion  has been focused on the removal o f THMs from 
drinking water. Should ch lo rina tion  be retained as a water d is in ­
fec tan t, the removal o f THM precursors p r io r  to ch lo rina tion  is  an 
obvious treatment stra tegy, now used by several u t i l i t ie s  and l ik e ly  
to be used more extensively in the fu tu re .
Reduction o f the amount o f p a rticu la te  and dissolved organic 
matter in natural waters may be achieved through improved coagulation 
(10), by adsorption onto su itab le  m aterials such as Granulated Activa­
ted Carbon (GAC) or polymeric re s in s (11,12), by membrane processes 
such as u ltra f i l t ra t io n (1 3 )  or reverse osmosis(14), and by chemical 
oxida tion(15). Membrane processes and chemical oxidation are u n like ly  
to be cost e ffe c tive  as compared w ith coagulation and GAC. Use o f a 
GAC bed is  gaining almost universal popu la rity  both n a tion a lly  and 
in te rn a tio n a lly (1 6 ). The GAC bed removes THM precursors such as 
humic acid, fu lm ic acid, and humin(17) as well as algae(18). Algae 
are also known to be THM precursors. GAC has been used to tre a t 
surface water, ground water, and waste water both on the p i lo t  p lant 
scale as well as f u l l  sca le (9 ,11,12) w ith great success. As an 
a lte rna tive  to GAC, some polymeric resins were found to  be equally 
e ffe c tiv e (19,20). The mechanism o f adsorption o f these precursors
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on GAC and resin were also investigated by the authors. The cost 
o f the addition o f a GAC bed to an ex is ting  f a c i l i t y  and i t s  main­
tenance appears to  be high(20,21) and hence may not be affordable 
fo r  small municipal water u t i l i t ie s .  Coagulation, on the other hand, 
is  qu ite  e ffe c tive  in precursor removal and requires much less 
cap ita l investment (10) . I ts  e ffectiveness, however, is  not as un i­
versal as GAC. For example, i t  is  d i f f i c u l t  to remove fu lv ic  acid 
by coagulation(10) .
The use o f powdered, activated carbon (PAC) has been quite 
extensive fo r  removal o f odor and tas te . And there is  a wealth o f 
p ractica l experience availab le fo r  th is  type o f treatm ent(15). I t  
is  widely used in  France fo r  odor and taste removal from water con­
ta in ing  a low concentration o f organic substances and ammonia. I t  
is  also p a rt ic u la r ly  well adapted to meet organic matter peaks of 
short duration w ithout heavy cap ita l costs. In such cases, the 
treatment consists o f in je c tin g  large doses o f carbon, up to  100 
mg/1, fo r  a short period. Anderson, B u tle r, Holdren and Kornegay(22) 
have conducted a p lant-sca le study to evaluate the fe a s ib i l i ty  o f 
THM precursor removal using PAC. Results o f th e ir  study indicate 
tha t a powdered carbon, especia lly formulated fo r a spec ific  re ­
moval, can be successful in reducing THM formation levels up to 56% 
a t carbon dosages considerably less than previously reported. The 
study demonstrates tha t the r ig h t powdered carbon can remove THM 
precursors e f f ic ie n t ly .
While the effectiveness o f PAC in  e lim inating organic sub-
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stances is  somewhat lim ited  economically (due to the need fo r  re ­
la t iv e ly  large doses), substantial removal can be achieved. Com­
bined w ith a well-designed and well-operated floccu la tion-sed im entation 
process, a dosage o f 30 mg/1 can reduce the to ta l dissolved organic 
matter by 60 percent. This e ffic ie n cy  can be improved fu rth e r by 
longer contact time between PAC and water as i t  occurs in  the L i t t le  
Rock Water Supply system. A larger ammonia content in  the raw water, 
however, would reduce th is  e ffic ie n cy  because a la rge r ch lorine 
dose would be needed to neutra lize  the ammonia which, in tu rn , could 
produce la rger quan tities  o f THMs. A review o f the overa ll s itu a tio n  
at the L i t t le  Rock f a c i l i t y  indicates tha t a combined PAC-alum tre a t­
ment is  an exce llent a lte rn a tive  to the GAC-bed treatment fo r  THM 
precursor removal. Moreover, the a v a ila b il i ty  o f a flu id ized-bed 
technique fo r  the regeneration o f PAC, w ith  an e ffic ie n c y  o f 90 per­
cent recovery, makes i t  an even more a ttra c tiv e  a lte rn a tiv e (2 3 ).
The mechanism o f THM formation in  aqueous so lu tion  has been 
studied qu ite extensive ly. Morris(24) described the ch lo rina tio n  
reaction in a lka line  aqueous so lu tion as fo llow s:
CHCOR + 3 HOX→ CX3COR + 3 H2O
CX3COR + H2O → CHX3 + RCOOH
Where hypochlorous acid (HOCl ) is  present, CHCl 3 is  produced. I f  
bromide is  also present, hypobromous acid (HOBr) is  formed f i r s t  
which, in tu rn , produces brominated THM compounds. Trussel and 
Umphres(25) presented a summary o f functional groups on humic acid , 
such as -COCH2CO-, -OCOCOCH3, -COCH3 e tc . ,  which have been shown to
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form THM. Arguello e t .a l.(2 6 ) ,  Norwood e t.a l.(2 7 ) and Boyd e t .a l.  
(28) have described the reaction pathways o f THM formation from the 
halogenation of model compounds fo r  humic acid. Mi near(29) studied 
in de ta il the e ffe c t o f bromide ion on the formation o f THM. I t  was 
observed tha t bromine is  more reactive than chlorine in  forming THM. 
However, the amount o f chloroform formation can be reduced s ig n i f i ­
cantly by increasing the amount o f bromide ions, although the con­
centrations o f brominated species increase concomitantly.
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I I .  EXPERIMENTAL DESIGN
A. Analytica l Methods fo r  THM Analysis
Due to i t s  high s e n s it iv ity ,  ra p id ity  and the re la t iv e  ease 
of operation, the D irect Aqueous In je c tio n  (DAI) method developed by 
Nicholson, Meresz and Lemyk(3) was adopted as the p rin c ip le  a n a ly ti­
cal procedure fo r  th is  study. A ll experiments were performed using 
pyrex glasswares cleaned properly w ith soap so lu tio n , d is t i l le d  
water and deionized water, in tha t order. Solutions were prepared 
and kept a t room temperature ( 20°C) during a l l experiments.
A Hewlitt-Packard Model 5750 gas chromatograph equipped w ith 
a N ickel-63 electron capture detector was used. For DAI method, a 
6 f t .  x 1/4 inch (2 mm i .d . )  glass column packed w ith chromosorb 101 
(80/100 mesh) was employed. The column oven was operated isotherm ally 
at 150°C, whereas the temperatures o f the in je c tio n  port and the de­
tec to r were 170°C and 250°C respective ly . The flow -ra te  o f the argon- 
methane (5% methane) c a rr ie r  gas was maintained a t 60 mL per minute. 
The sample in je c tio n  volume was generally between one and f iv e  micro­
l i te r s .
In preparing the standard curves, a standard so lu tion  o f THMs 
lis te d  in table 1 was obtained from Supelco Inc. (Houston, TX). 
Standard solutions o f various lower concentrations were prepared by 
d ilu tio n  in methanol. The f in a l experimental so lu tions , to be 
in jected in to  GC, were prepared by adding appropriate volumes o f the 
standard solutions in deionized water contained in 300 mL BOD b o ttle s . 
The bo ttles were completely f i l l e d ,  then t ig h t ly  sealed w ith glass
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stoppers and s tir re d  on a magnetic s t ir r e r  using te flo n  coated 
s t ir r e r  bars. At least 24 hours was allowed fo r complete d isso lu tion 
o f THMs in aqueous so lu tion.
Although not described in the l i te ra tu re ,  attempts were made 
to use the same chromosorb 101 column fo r  analyzing THMs in organic 
solvents such as hexane. When the GC separation was found to be as 
good as by DAI method, a solvent extraction (SE) procedure was also 
developed in  order to carry out comparative study. Nanograde qu a lity  
hexane was obtained from Burdick and Jackson (Muskegon, MI). Solvent 
extraction was performed by f i l l i n g  up 25 mL THM flasks (w ith screw 
top and rubber septum; Supelco Inc .) with aqueous standard solutions. 
5.0 mL hexane was then in jected in to  the f la s k , held inverted as 
shown in Figure 1, while an equal volume of aqueous layer was drawn 
out under pressure. The flasks were then hand-shaken vigorously fo r  
half-an-hour to ensure complete extraction o f THMs in hexane. A fte r 
s e tt lin g  fo r  f iv e  minutes, 5.0 μL o f the hexane (the upper) layer 
was drawn and in jected in to  GC fo r  analysis.
Prelim inary studies were also conducted to develop Purge-and- 
Trap method. The method generally involves removal o f trihalome- 
thanes in aqueous so lu tion by purging w ith an in e rt gas (e .g ., n it ro ­
gen) and collected on a tenax trap . The halomethanes are then 
desorbed from the trap by heating up to about 180°C followed by 
carrying them d ire c tly  in to  GC. In i t ia l  attempts were made to 
develop a purge-and-trap device which can be easily  mounted on a 
Finnigan model 1015 GC-MS-Computer. Due to lack o f time,
- 12-
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fu rth e r studies on th is  method were discontinued and the method 
development was excluded from th is  p ro ject.
B. Removal o f Trihalomethanes and Their Precursors by Powdered
Activated Carbon (PAC)
Only one brand o f PAC (Huskey, obtained through L i t t le  Rock 
Water Supply D ivis ion) was used fo r th is  study. Humic acid standard 
was obtained from A ldrich Chemicals. (Milwaukee, WI). Sodium hypo- 
chloride solution (Fisher S c ie n tif ic )  was used fo r ch lo rina tion  of 
humic acid standards as well as natural water. The fo llow ing experi­
ments were performed:
1. The e ffe c t o f PAC on trihalomethanes in aqueous solution 
was tested by taking 0.00, 0.05, 0.30 and 0.45 g. PAC in 
300 mL BOD bo ttles and then adding standard solution of 
THM, followed by f i l l i n g  up w ith deionized water, to make 
1.0 ppm in each o f the halomethanes. Assuming complete 
m is c ib il i ty ,  these solutions correspond to 166.7, 1000 
and 1200 ppm of PAC. The bo ttles were t ig h t ly  sealed and 
s tir re d  w e ll, using magnetic s t ir r e r  bars, fo r a certa in  
period o f time. 1.0 mL portion o f the solution was then 
f i l te re d  and analyzed immediately by DAI method using 5.0 
μL in je c tio n  volume. For fu rth e r time-dependent study, 
the 1.0 mL volume (withdrawn e a r lie r)  was made up with de- 
-ionized water (the bo ttles must be completely f i l le d )
and the s t ir r in g  was continued.
2. The e ffe c t o f PAC on humic acid in  standard solutions
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was tested by adding varying amounts o f PAC to a ce rta in  
amount o f humic acid so lu tion . Twelve 300 mL BOD b o ttle  
were prepared as described below:













Each so lu tion was s t ir re d  fo r  24 hours using s t i r r e r  bars. 
A 50 mL portion o f the so lu tions was f i l te r e d  through 
0.4 micron f i l t e r  paper under suction. In 25 mL THM 
fla sks , 1.0 mL so ld ium hypochlorite so lu tion  (- 4% by
weight) was taken and the flasks were then f i l l e d  up 
w ith the f i l te re d  PAC-treated humic acid so lu tions. The 
flasks were t ig h t ly  stoppered and were allowed to  s i t  
fo r  24 hours fo r  the generation o f THM due to ch lo rina ­
t io n . The 24-hour PAC treatment and an equal length o f
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ch lorina tion  time was chosen to simulate the ex is ting  
conditions at L i t t le  Rock Water treatment f a c i l i t y .
A fte r ch lo rin a tio n , the reaction was quenched by adding 
0.20 g. sodium th io su lfa te  to destroy excess ch lorine.
The solutions were then analyzed by DAI method f i r s t  and 
then by solvent extraction .
3. The e ffe c t o f PAC on THM precursors in Lake Maumelle 
water was tested by adding varying amounts o f PAC to the 
same amount o f water. Four 300 mL BOD bo ttles were pre­
pared in which 0.00, 0.10, 0.30 and 0.50 g PAC were taken. 
The bo ttles  were then f i l le d  up w ith lake water and s t i r ­
red as before. The solutions correspond to 330, 1000 and 
1650 ppm o f PAC. A fte r 24-hour PAC treatment, a portion 
o f the solutions was f i l te re d  and chlorinated fo r  another 
24 hours as described e a r lie r .  The PAC-treatment was 
continued fo r longer than 24 hours in order to observe 
bette r removal o f the precursors.
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I I I .  RESULTS AND DISCUSSION 
A. Analytica l Methods
According to  Anderson, Meresz and Lemyk(3), the d ire c t aqueous 
in je c tio n  method using a chromosorb 101 column provides exce llen t 
separation o f a ll four trihalomethanes, lis te d  in  Table 1, w ith a 
detection l im it  around one ppb when an in je c tio n  volume o f 9 μL is  
used. A typ ica l chromatograph obtained by th is  method fo r  the 
halomethanes are shown in  Figure 2. This chromatogram represents 
a 5.0 μL in je c tio n  o f 1.0 ppm so lu tion o f each compound. The 
standard curves are shown in Figure 3. The re la t iv e  detector 
response o f various halomethanes agree qu ite  well w ith tha t obtained 
by Anderson e t .a l . ( 3 ) ,  w ith bromodichloromethane being the most 
sensitive  and bromoform the le a s t. However, the detection l im i t  fo r  
each compound was found to be much higher than the l i te ra tu re  value 
(3) ,  namely - 50 ppb fo r  chloroform, - 20 ppb fo r  bromodichloromethane, 
- 30 ppb fo r Dibromochloremethane and - 100 ppb fo r  bromoform. The 
s ig n if ic a n t d iffe rence in detection l im its  could be due to  (a) the 
instrument s e n s it iv ity :  a Nickel-63 e lectron capture detector on 
a Hewlett-Packard model 5750 GC was used in  our laboratory as op­
posed to a scandium t i t r id e  detector on a varian model 2400 GC used 
by Anderson e t .a l(3 ) ,  and (b) the loss o f trihalomethanes from 
standards, possibly through evaporation, during d isso lu tio n  in 
aqueous so lu tion . O rig ina l THM standards o f various concentrations 
were prepared in methanol. The f in a l aqueous so lu tion  was prepared
-17-
Table 1: L is t  o f  Trihalomethanes Used fo r  Generating Standard Curves





Figure 2: Sample Chromatogram o f Standards by D irec t Aqueous In je c tio n
OPERATING CONDITIONS
Column: 6 f t .  g lass; chromosorb 80/100 mesh
Column Temperature: 150°C
Detecto Temperature: 250°C
In je c tio n  Port Temperature: 170°C





























by mixing appropriate amounts o f standard in to  300 mL BOD b o ttle s , 
f i l l e d  completely w ith  deionized water, sealed t ig h t ly  and allowed 
to  s t i r  v igorously (using magnetic s t i r r e r  bar) fo r  24 hours. This 
procedure ought to  produce homogeneous m ixture w ith  maximum so lu b i­
l i t y .  Repeated attempts to  improve the detection l im i t  proved f u t i le .  
Since a lower detection l im i t  seemed e sse n tia l, esp ec ia lly  fo r  the 
analysis o f natural water, i t  was decided to  preconcentrate using 
so lven t-ex trac tion  technique. L iqu id -L iq u id  solvent ex tra c tion  
technique described by Henderson e t.a l(3 0 ) requires a column 
(Supelcoport, obtained from Supelco In c .)  on which d ire c t aqueous 
in je c tio n  could not be performed w ith  high s e n s it iv i ty .  However, 
chromosorb 101 can be used fo r  trihalomethane analysis using hexane 
as a so lven t. This is  demonstrated in  the chromatogram shown in  
Figure 4. I t  is  evident th a t hexane gives a negative peak on th is  
column. However, e xce llen t separation o f a l l  fo u r halomethanes was 
achieved w ith  re te n tio n  times q u ite  comparable to  those obtained by 
d ire c t aqueous in je c tio n . Using the same column, one can perform 
analysis by d ire c t aqueous in je c tio n  or by solvent e x tra c tio n  as 
necessary. The standard curves in  hexane so lu tio n  are shown in  
Figure 5. An improvement in  detection l im i t  by a fa c to r  between 5 
and 10 was obtained, p r in c ip a lly  due to  preconcentration procedure 
where the halomethanes from a 25 mL aqueous so lu tio n  were extracted 
in to  5 mL hexane. I t  was found th a t a preconcentration by a fa c to r 
o f 25 can be achieved w ithou t any apparent loss in  s e n s it iv i ty ,  
provided the ex tra c tio n  procedure was performed in  a com pletely-
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Figure 4: Sample Chromatogram o f Standards by Solvent Extraction in to  
Hexane from Aqueous Solution
OPERATING CONDITIONS: Same as fo r  




















Figure 5: Standard Curves fo r  Trihalomethanes by Solvent Extraction in to  









f i l l e d  and t ig h t ly  sealed container under v ig o ro u s ly -s tirre d  condi­
tio n  fo r  half-an-hour or longer.
b. Removal o f Trihalomethanes and Their Precursors by Powdered
Activated Carbon (PAC)
The laboratory experiments were designed to simulate the 
e x is tin g  conditions a t the L i t t le  Rock Water treatment f a c i l i t y ,  w ith  
the in te n tio n  o f eventually applying the re su lts  to  p lan t-sca le  eva l­
uation. At the treatment p lan t here, the treatment time w ith  PAC 
occasionally employed to  lower the to ta l trihalomethane leve l in  
fin ished  water, is  approximately 24 hours. PAC is  applied a t the 
rese rvo ir and is  f i l te r e d  a t the treatment p lan t which is  about 25 
miles away. Water is  ch lo rina ted  tw ice — once a t the rese rvo ir 
s ite  and the other a t the p la n t. I t  appears, the re fo re , th a t s ig ­
n if ic a n t amounts o f trihalomethanes can be formed during th is  period. 
Should PAC be used during the same phase, i t  is  conceivable th a t both 
free  trihalomethanes as well as the precursors could reac t. I t  was, 
the re fo re , decided to  evaluate the adsorption o f both on PAC. Figure 
6 shows the adsorption o f trihalomethanes a fte r  24-hour PAC t re a t­
ment. One sees th a t a l l  fo u r trihalomethanes are adsorbed s ig n i f i ­
can tly . A q u a n tita tive  estimate o f the removal is  given in  Table 2. 
Using PAC concentration o f 1200 ppm or more, complete removal o f 
a l l  trihalomethanes can be achieved even though they are present a t 
1 ppm leve l each. I t  is  in te re s tin g  to  no tice th a t longer PAC- 
treatment does not seem to remove trihalomethanes s ig n if ic a n t ly .
The same so lu tions analyzed a fte r  72-hour PAC treatment did not
-24-









Table 2: Removal E ffic ie n cy  o f Powdered Activated Carbon on Trihalomethanes 
a f te r  24-Hour Treatment






1 166.7 41.5 11.2 18.1 45.9
2 1000 66.7 26.6 65.7 82.0
3 1200 94.1 84.4 95.4 96.7
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remove trihalomethane to  a great extent. However, when another 1000 
ppm o f PAC was added to  each o f so lu tions #1 and #2 (Table 2 ), and 
s t ir re d  fo r  two hours, complete removal o f a l l  trihalomethanes was 
achieved. I t  appears from the la te r  experiment th a t the adsorption 
process is  qu ite  rap id . This was fu rth e r v e r if ie d  by studying the 
adsorpiton k in e tic s  o f chloroform on PAC. Figure 7 shows the resu lts  
o f 1000 ppm PAC treatment on an 1 ppm chloroform so lu tio n . The 
k in e tic  fo llow s a typ ica l f i r s t  order rea c tion , and chloroform was 
completely adsorbed on PAC w ith in  one hours.
The removal e ff ic ie n c y  o f PAC on THM-precursors (e .g . humic 
acid) was also evaluated. The re su lts  o f the e ffe c t o f PAC on humic 
acid a f te r  24-hour treatment are shown in  Figure 8 . As expected, 
chloroform was the only halomethane formed. Due to  lack o f a proper 
f a c i l i t y ,  the n o n -vo la tile  to ta l organic carbon (NVTOC) could not be 
measured to estimate the extent o f removal o f humic stubstances. An 
estimate o f the remaining amount o f humic substances was obtained, 
in d ire c t ly ,  by measuring the amount o f chloroform produced a fte r  
ch lo r in a tio n . This method o f eva lua tion , however, cannot be quan ti­
ta t iv e ,  since the re la tio n sh ip  between humic acid content and 
chloroform formation was not established by another experiment in  
our labora to ry . However, a lin e a r re la tio n sh ip  is  expected. Table 
3 shows the percent removal o f chloroform produced from humic acid 
as a re s u lt o f PAC treatm ent. One sees th a t the humic acid concen­
tra t io n  o f up to  2.34 ppm can be removed almost q u a n tita t iv e ly  by 
1667 ppm PAC w ith in  24 hours. However, 533 ppm PAC could not remove
-27-









Figure 8: Removal E ffic ie ncy  o f Powdered Activated Carbon on Humic Acid 







HUMIC ACID CONCENTRATION (PPM)
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the precursors s ig n if ic a n t ly  w ith in  the same time period. PAC- 
treatment fo r  a longer period o f time (e .g . 7 days) can remove humic 
acid to  a great ex ten t, as i l lu s t ra te d  in  Figure 9.
Studies were also conducted to  evaluate the removal o f humic 
substances from lake water by PAC-treatment. The re su lts  are shown 
in  Figure 10. Chloroform was found to  be the major THM formed 
(>95%), w ith  a small amount o f bromodichloromethane. Using ch lo ro­
form formation as an in d ic a to r o f humic acid removal, i t  was observed 
th a t 1665 ppm PAC was s u f f ic ie n t  to  remove THM precursors almost 
completely from lake water a f te r  24-hour treatm ent. Because o f the 
low leve l o f chloroform formation from lake water, so lvent ex trac­
tio n  was performed to preconcentrate trihalomethanes by a fa c to r o f 
ten. A rough estimate o f about 85 ppb o f chloroform form ation was 
obtained fo r  lake water sample not trea ted w ith  PAC. This agrees 
qu ite  well w ith  data obtained a t the water treatment p la n t, where 
an annual average o f 60 ppb chloroform was found in  fin ish e d  water.
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Table 3: Removal E ffic ie n cy  o f Powdered Activated Carbon on Humic Acid 
Standards and Natural Water a f te r  24-Hour Treatment




Percent Removal o f  CHCI3 Produced
Humic Acid 1.00 533 6.54
1667 93.5
Humic Acid 1.67 533 5.82
1667 96.8
Humic Acid 2.34 533 5.60
1667 97.0










Figure 9: Removal E ffic ie n cy  o f Powdered Activated Carbon on Humic Acid 
Solution (Twenty Four Hour and Longer Treatment)
PAC CONCENTRATION (PPM)
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I t  has been well-documented in  the l i te ra tu re  th a t the forma­
tio n  o f trihalomethanes as a re s u lt o f ch lo rin a tio n  o f natura l water 
is  a ffected  by (a) the leve l o f humic substances, (b) the pH o f water, 
(c) the temperature o f water, and (d) the concentration o f dissolved 
s a lts , espec ia lly  bromide. Extensive research has been conducted to  
understand the mechanism o f THM form ation, as well as to  develop 
methods fo r  c o n tro llin g  them. The most common approach to  contro l 
the amount o f trihalomethanes in  "fin ish e d " d rink ing  water has been 
the removal o f THM precursors by using granulated activa ted  carbon 
or coagulants. The in i t i a l  goal o f th is  p ro je c t, th e re fo re , was to  
develop a combined powdered activa ted  carbon/coagulant method fo r  
e f f ic ie n t  removal o f the precursors by f i r s t ,  a systematic labora­
to ry  study to  evaluate th e ir  e f fe c t and second, to  apply the re su lts  
to  a p lan t-sca le  study a t the L i t t le  Rock water treatment f a c i l i t y .  
Due to  severe cutback in  funding and shorte r p ro je c t du ra tio n , the 
goal has been revised ex tens ive ly . The studies conducted under th is  
p ro je c t, though very p o s itiv e  and qu ite  s ig n if ic a n t,  ought to  be 
considered p re lim ina ry  re su lts  toward achieving an e f f ic ie n t  and 
c o s t-e ffe c tiv e  method fo r  c o n tro llin g  trihalomethanes.
The s ig n ifican ce  o f re su lts  obtained in  th is  study is  two­
fo ld :
1. Powdered activa ted  carbon can remove free  trihalomethanes 
in  aqueous so lu tio n  very ra p id ly  w ith  high e ff ic ie n c y . A 
pa rt per m il l io n  leve l o f a l l  fo u r commonly found
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trihalomethanes can be removed almost q u a n tita t iv e ly  
w ith in  an hour or two using 1200 ppm leve l o f PAC.
2. PAC can also remove THM precursors, such as humic ac id . 
However, the removal e ff ic ie n c y  is  much lower than th a t 
o f halomethanes. Long treatment time is  required fo r  
e f f ic ie n t  removal.
Due to  lack o f high s e n s it iv i ty  o f the a n a ly tic a l methods used 
fo r  the present study, the leve l o f THMs used fo r  labo ra to ry  studies 
was much higher than normally found in  water. Consequently, la rg e r 
dosages o f PAC were used to  cause s ig n if ic a n t removal. Although i t  
is  reported in  the l i te ra tu re  th a t re la t iv e ly  la rge PAC dosages are 
necessary fo r  removal o f THMs from surface waters, the present study 
reveals th a t much sm aller amounts o f PAC may s u ff ic e  in  c o n tro ll in g  
trihalomethanes in  water. Further studies are being conducted to  
develop more se n s itive  a n a ly tic a l methods so th a t stud ies using 
sm aller concentrations o f triha lom ethanes, th e ir  precursors and PAC 
can be conducted w ith  b e tte r p rec is ion  and accuracy.
U n til now, most workers have attempted to  con tro l THM pre­
cursors in  water. Since the o ve ra ll goal fo r  water u t i l i t i e s  is  to  
minimize trihalom ethane leve l in  " f in is h e d " w ater, an idea generated 
by the re su lts  o f th is  research can be employed e a s ily  to  p la n t-sca le  
study. Since PAC can remove trihalomethanes more e f f ic ie n t ly  than i t s  
precursors, i t  would be p ra c tic a l to  add a treatm ent chamber where 
high dosages o f PAC w i l l  be in  contact w ith  water under v igo rous ly  
s t i r r in g  cond ition  fo r  two or three hours. The chamber may be
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located ju s t  before the f in a l water f i l t r a t io n  bed p r io r  to  the 
consumer tap . Most o f THMs can be removed by th is  procedure. 
R eferring to  L i t t le  Rock water treatment f a c i l i t y ,  i t  may not be 
necessary to  conduct PAC-treatment fo r  24 hours. Two-point c h lo r i­
nation may s t i l l  be continued fo r  b e tte r d is in fe c tio n . However, 
res idua l ch lo rin e  in  " fin is h e d " water must be reduced in  order to 
minimize THM form ation a t a la te r  stage.
-36-
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